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Introduction

SUSY models (supersymmetry between bosons and fermions) naturally resolves
basic problems in understanding of the Universe:

+ Higgs mass divergency problem in Standard Model

+ now with discovery at 125 GeV we do believe that Higgs mechanism takes
place

+ Hierarchy problem
+ Dark matter WIMP nature

+ in R-parity conserving SUSY the lightest supersymmetric particle (LSP) is
stable and mostly decoupled from the regular matter

SUSY searches are motivated by DM

Reverse perspective in this presentation:
+ assume that DM is driven by SUSY LSP

+ what are implications of Run 1 SUSY analyses on expected properties of DM?
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Outline

+ SUSY search strategies
+ Interpretation strategies

+ Selected CMS Run 1 SUSY analyses

+ Interpretation of CMS Run 1 observations in terms
of DM properties

+ Conclusions
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General SUSY Search Strategy

(@ Reconstruct pronounced signatures in the event

+ missing transverse energy (MET)

+ primary signature for RPC SUSY searches
high-pr leptons: €, W, Tieptonic, Thadronic
high-Et photons

b-jets

high-p: jets

total event energy Hry

+ 0+ 4+ o+

combined kinematical variables

+ ay, M+, McT, ...

@ Combine several signatures: determine a region in phase space
+ with significant expected contribution from BSM events
+ with low and/or well determined contribution from SM events

@ Interpret observed (in)consistency in terms of particular physics models
and evaluate model parameters
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CMS,L=195f" {s=8TeV

Step @ Interpretations == ==
Two major approaches used in LHC Run 1 /8

400}

A. Simplified Models (SMS)

200F

95% C.L. upper limit on cross section (pb)

100f

+ select Single Signature process b bt A

+ the rest of SUSY sector is assumed

+ driven by few <TeV scale SUSY particles X
to be decoupled /

CMS Preliminary L _ =4.98 fb",\'s =7 TeV
—_——

B. Complete Physics Models
+ Constrained MSSM (MSUGRA)

LEP2 i:

+ 5 parameters, oversimplified SUSY, mostly excluded | —— =
+ Full (N)MSSM 100 o 000 1500 2000 1215%61 73000

m, [GeV]

+ 100+ parameters at GUT scale, technically impossible to work with

+ Practical solution: reduce number of parameters by using effective parameters
defined on the EWK scale

+ Phenomenological MSSM Model (pMSSM)
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Phenomenological MSSM

Assumptions:

+ no new sources of CP violation
+ no flavor changing neutral currents

+ degeneracy between 1st and 2nd generation

+ 19-D parameter space at EWK scale:
+ M, Mo, and M3 - ewkino masses
+ tanf3, 4, ma
+ 10 sfermion mass parameters
+ A Ab, and A;

pMSSM captures most of the phenomenological features
of the RPC MSSM
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Bayesian Approach

Non-CMS Data Used

Flat pMSSM Parameters 19-D Priors

—3TeV < My, My < 3TeV
0 < M3 <3TeV
—3TeV < u < 3TeV
0<my <3TeV
2<tanp <60
0 < Qi2,Ui2,Dip, L1, E12,Qs,Us, D3, L3, E3 < 3TeV
—7TeV < A, Ay, Ar < 7TeV,

no astrophysics data are
included to demonstrate
CMS effect

NB: absolute distributions
strongly depend on choice
of priors

+ variationsfrom Vio V
illustrate effect of CMS
measurements

AT
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i Observable Constraint Likelihood function MCMC /
1;(6) ppon-DCS L(Don-DCS |, ) post-MCMC
BR(b — sv) (3.55 £ 0.23%%at 4 (0.24%h +0.09%°) x 1074 Gaussian MCMC
BR(b — sv) (3.43 £0.215%t 4 0.24'h +0.07%) x 1074 Gaussian reweight
BR(Bs — pp) observed CLs curve from d(1 —CLs)/d(BR(Bs — pu)) MCMC
BR(Bs — uu) (2.9£0.7£0.29"") x 10~° Gaussian reweight
R(B, — Tv) 1.63 £0.54 Gaussian MCMC
R(B, — Tv) 1.04 +0.34 Gaussian reweight
Aa,, (26.1 £ 6.3°P £+ 4.95M £ 10.0595Y) x 1010 Gaussian MCMC
my 173.3 £0.55% £ 1.3 GeV Gaussian MCMC
my 173.20 £ 0.875% £ 1.3%% GeV Gaussian reweight
mp(mp) 4197008 GeV Two-sided Gaussian MCMC
as(My) 0.1184 4+ 0.0007 Gaussian MCMC
mp, pre-LHC: mlhow =112 1 if my, > mﬁfw MCMC
0 if my, < mfe®
8b mp, LHC: mio® =120, m,¥ = 130 L if miew < my, < my? reweight
0if my, < mﬁf“’ or my > mh
9 sparticle LEP 1 if allowed MCMC
masses (via micrOMEGASs ) 0 if excluded
CMS Data Used
Analysis NE T Likelihood Ref.
Hadronic HT + MHT search 7 TeV | 4.98 fb~! | method 1 | CMS-SUS-12-011
Hadronic HT + MET + b-jets search 7 TeV | 4.98 tb~! | method 1 | CMS-SUS-12-003
Leptonic search for EW prod. of X0, x*, 1 | 7 TeV | 4.98 fb~! | method 1 | CMS-SUS-12-006
Hadronic HT + MHT search 8 TeV | 19.5 fb~! | method 1 | CMS-SUS-13-012
Hadronic HT + MET -+ b-jets search 8 TeV | 19.4 fb~! | method 2 | CMS-SUS-12-024
Leptonic search for EW prod. of X°, X, 1 | 8 TeV | 19.5 fb~! | method 1 | CMS-SUS-12-006
(ss, 31 and 41 channels)
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Collected LHC Data

4 CMS and ATLAS would have

produced ~100 events for:
+ 1.2 TeV gluinos
+ 700 GeV stops

+ 600 GeV charginos/
neutralinos (ewkinos)
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Plenty CMS SUSY Analyses

Journal Publications with 2012 8 TeV Data Recent Preliminary Results with 2012 8 TeV Data
e —
ots ntry
CMS- i : | ion of the 7 TeV 19.5/b New
Searches for electroweak production of charginos, neutralinos, and sleptons = 19.5/fb e :0 EPJC 3 nlerpeetation of the 7 and 8 TeV results sl
decaying to leptons and W,Z, and Higgs bosons in pp collisions at 8 TeV . ' i L
NEW Search for direct production of a pair of bottom squarks 19.4/fb New
- N - Submitted to PLB
Search for t K duction with dZb the final
ea _ or °p'sf‘ua e 19.5/fb  arXiv:1405.3886 Search for electroweak production of higgsinos in channels with two Higgs bosons decaying to b quarks in 19.5/fb New
state in pp colisions at8TeV ~ ewmemwme e 0 :
NEW pp collisions at 8 TeV
. . _ Submitted to PRD Search for supersymmetry in hadronic final states using MT2 with the CMS detector at 8 TeV 19.5/fb  New
Search for anomalous production of events with three or more leptons in pp 19.5/f iy 1404 5804
: T y aran: 1494801
colisions at 8 TeV NEW Search for direct production of stops decaying to a charm and LSP using the monojet + MET final state 19.7/fb  New
e : : CMS:
Sea@ for New Physics in Multiiets and Missing Momentum Final State in pp SUS13012 | SUS. 195/ Acce.pted by JHEP Search for top squarks in multijet events with large missing momentum in pp colisions at 8 TeV 19.4/fb New
colisonsat 8 TeV SRR B a0Kc14024770
s A search fornew physics in events with onelpton,igh st ulipct and high b-taggedjt mulicty i 10.40
Search for SUSY Partners of Top and Higgs Using Diphoton Higgs Decays in S “LC — Accepted by PRL pp collisions at 8 TeV
s et T B D, | SN ' (1219 2210 = . L 5 = - -
pp colisions at 8 TeV 19014 B:1312:3310 Search for Direct Top Squark Pair Production with Higgs bosons in the Final State in pp colisions at 8 TeV  SUS12021 PAS-SUS-  19.5/fb
................. 107
. . . L CMS
Search for new physics in events with same-sign dieptons and jets in pp SUS13013 SUS. | 195/ Search for SUSY in Opposite Sign Diepton events, large number of jets, bjets and MET in pp collisions at 8 SUS13016 PAS-SUS-  19.7/fb
colisionsat8TeV 0 Salaedaen 13313 g Tev 1 3_,: ‘E
”M‘-‘ """ Search for electroweak production of charginos and neutralinos in final states with a Higgs boson in pp SUS13017 PAS-SUS-  19.5/fb
Search for supersymmetry using events with a single lepton, multiple jets, and - :l:: — Submitted to PLB collisions at 8 TeV 13017
JUUS T oUo- . . - . B . N . . . " n .
b-ags o ariv:1311.4937 Search for SUSY using razor variables in events with b-ets in pp colisions at 8 TeV SUS13004 PAS-SUS- | 19.3/fb
11,004
Search for top-squark pair production in the single lepton final state in pp e, Search for supersymmetry in the 3 lepton + b-tag final state in pp collisions at 8 TeV 19.5/fb
collisions at 8 TaV '
Search for RPV SUSY in the 4-lepton final state in pp collisions at 8 TeV 19.5/b
Search for stop in R-parity-violating supersymmetry with three or more leptons 19,5/

A Search for Anomalous Production of Events with three or more leptons using 9.2 fb-1 of Vs = 8 TeV CMS 9.2/fo  Updated with more

and b-ags

Data data above
Search for supersymmetry using the shape of the HT and MET, and b-jet SUS12024 | SUS 19.4/fb Search for RPY supersymmelry vith thrse or more leptons and b-{ags e
multiplicity distributions 173?‘ '
A Search for electroweak production of charginos, neutralinos and sleptons using leptonic final states in pp 9.2/fo  Updated with more
CMS- [
Search for supersymmetry in final states with missing transverse energyand = ‘f . collisions at 8 TeV data above
0,1,2,3,0r24 b jets in 8 TeV pp collisions SURlEN 1“):)0 ".m Search for Supersymmetry in Events with Photons and Missing Energy s = 8 TeV 4.04/fp

Search for direct top squark pair production in events with a single isolated lepton, jets and missing 9.7Ifb Updated with more

Search for new physics in events with same-sign dileptons and b-tagged jets 105/ transverse energy at \s = 8 TeV data above
in pp collisions at Vs = 8 TeV Search for supersymmetery in final states with missing transverse energy and 0, 1, 2, or 2 3 b jets in 8 TeV 3.9/fb  Updated with more
pp colisions data above

+ https:/twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
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Plenty CMS SUSY Analyses

Joumal Publications with 2012 8 TeV Data Recent Preliminary Results with 2012 8 TeV Data
e ] e [t e [ty oot [
ots n

Phenomenological MSSM Interpretation of the 7 and 8 TeV results SUS13020 PAS-SUS-  19.5fb New
Searches for electroweak production of charginos, neutralinos, and sleptons %;" 195/ i :°7E:JC ua : P
decaying to leptons and W,Z, and Higgs bosons in pp collisions at 8 TeV e i ' ol .

Submitted o PLB 13018

Search for top-squark pair production with d Z bosons in the final T : : :
L L 195M  ariv1405.3886 Search for electroweak production of higgsinos in channels with o Higgs bosons decaying to b quarks in  SUS12022 PAS-SUS-  19.5/fb New
- 11.079

state in pp collisions at 8 TeV

Submitted to PRD N supersymmetry in hadronic final states using MT2 with the

| s fonof g decayi (.2 chm L5 pMSSM interpretations

Search for New Physics in Multijets and Missing Momentum Final State in pp Accepted by JHEP Search for top squarks in
collisions at 8 TeV S SRS . arxiv:1402.4770

Search for anomalous production of events with three or more leptons in pp
coliisions at 8 TeV

& events with large missing momentum in pp colisions at 8 TeV SUS13015 PAS-SUS-  19.4/fb New
11045

. A search for new physics in events wi
Search for SUSY Partners of Top and Higgs Using Diphoton Higgs Decaysin = ' Accepted by PRL pp colisions at 8 TeV

pp collisions at 8 TeV ariv:1312,3310 Search for Direct Top Squark Pair Pr

Search for SUSY in Opposite Sign Dilepton events, large number of jets, bjets and MET in pp colisions at 8 SUST3016 PAS-SUS-  19.7/fb
TeV 13-016

Search for new physics in events with same-sign dileptons and jetsinpp =
4 PR e REOPP ous13013 sus- 195
colisionsat8TeV 0 Salelaen S

13013 arXivIANGBTIB T e
“ """ Search for electroweak production of charginos and neutralinos in final states with a Higgs boson in pp SUS13017 PAS-SUS-  19.5/fb
Search for supersymmetry using events with a single lepton, multiple jets, and _ s — Submitted to PLB . 13017
b-tags ' arkiv:1311.4937 . . SUS13004 PAS-SUS-  19.3/fb
generic hadronic SUSY search e
Search for top-squark pair production in the single lepton final state in pp T SUS13008 PAS-SUS-  19.5f
. 11

collisions at 8 TeV

Search for RPV SUSY in the 4-lepton final state in pp collisions at 8 TeV SUS13010 PAS-SUS-  19.5/b
& nan

arXiv:1308

A Search for Anomalous Production of Events with three or more leptons using 9.2 fb-1 of Vs =8 TeVCMS  SUS12026 PAS-SUS-  9.2/fb  Updated with more
Data L2008 g

ot o 3pd generation hadronic SUSY

Search for electroweak production of charginos,

colisions at 8 TeV search

Search for stop in R-parity-violating supersymmetry with three or more leptons
and b-ags

Search for supersymmetry using the shape of the HT and MET, and b-et
multiplicity distributions

h more

Search for supersymmetry in final states with missing transverse energy and

0,1,2,3,0r24 b jets in 8 TeV pp collisions i Search for Supersymmetry in Events with Photons —
Search for direct top squark pair production in events with a single isolated lepton, jets and missing SUS1202 9.7/fb Updated with more
Search for new physics in events with same-sign dileptons and b-tagged jets 105/ transverse energy at \s = 8 TeV data above
in pp collisions at Vs = 8 TeV Search for supersymmetery in final states with missing transverse energy and 0, 1,2, or 2 3 b jets in 8 TeV 39 Updated with more
pp colisions data above

+ https:/twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
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SUSY Search in Inclusive All-Hadronic Events

Signature: MET + Jets
+ =3 jets with pT > 50 GeV,
+ no b-jets
+ veto events with isolated leptons

+ veto event if MET is aligned with
any of 3 leading jets

Search in bins of

S Te L o o o 1 o N e s, S BRI s .~ S R
200 400 600 800 1000 1200 140
e

+ jet multiplicity (3-5, 6-7, =8 jets) SUSY parice mass (6o
+ event transverse energy Ht Hy = 2 \Ei
+ jets missing energy MHT Hy == pr

A\‘(IT fedor.ratnikov@cern.ch SUSY DM Searches at CMS: Dark Interactions’ 14 11

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrr


mailto:fedor.ratnikov@cern.ch

SUSY Search in Inclusive All-Hadronic Events "

CMS-SUSY-13-012

CMS,L=195fb" Vs =8 TeV

36 inclusive search regions

2] -
g -®-Data - Z (vV)+ets - Wt (e/u+v)+jets
D 10° 1834 | [eles) Wi (1, +v)+ets
'_V»—LO = 7 . . .
Background predictions is
18883 +V8 o
. . é_ S 88 CRI% Y s 23
v 18 < Floﬁf 8 3 VAR =R HT[GGV]
e trickiest par S 1 T
e} 'V, |dmm?|:§ E® Io$8|FVF 12 3
Iz 10 < Ho%%lv'_ S g ¥ o'V & 1o
104 — |c\/> 1N :Elg 8XI:\§OIN'8 A,.Io% o g v 183
'S e s ®Hg @8 TISgAMYFTILY 18
' © == 1R Elg A o ® 8 g %’I:\?f_ o' 9 I
: 2 v ig Tz 18 sediglfizogc
- 19 1 10O |é/, Y, 10 N Q ,_Ié/) SN S 8 o
+ for example: how would you 1 = F oBE o3 8 RRaiiilise
- - T LS SRR - B L S
1 [ 1 1 |8 v} 'V’_ |8 |0880—d
evaluate background from Be o L@ o B Find
1 1 1 I 1 1= 1o |I'- 1 VVF
g z ST ERL
" “ s 0 BRgl”

Z(vv)+6 jets?

Most observations are
consistent with background
predictions

A\

+ P(n29, u=0.8+3.3-0.6)=0.158 ..~ . . .. . '

+ NB: Look Elsewhere Effect

a-Pred.)/Pred
o
(6] o
I
AN
N
NN X

(
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Signature: MET + b-jets
+ =3 jets with pt > 50 GeV
+ 2leading jets pt> 70 GeV

+ =1 b-jets

Search in bins of

+ Db-jet multiplicity (1, 2, =3 jets)
+ event transverse energy Ht

+ event missing energy MET

A\‘(IT fedor.ratnikov@cern.ch SUSY DM Searches at CMS: Darklnteractions’ |4 13
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SUSY Search in All-Hadronic Events With b-jets

Event sample legend
ZL = Zero Lepton; SL = Single Lepton; LDP = low A$mm; lee=7-e'e; | Zpp=27- p*y;
signal sample top & WH+jets control QCD control Zto vv control | Zto vv control
sample sample sample sample
A SL LDP Zee Zup
2 Loose 2
Nb-jet= 1 m»— b-jet m'_
T tagging T
™S axis E/™sSaxis  E;" axis E,Mis axis E,™sS axis
ZL SL LDP '
Bin  H.(GeV) Es(GeV)
L
Np.jer = 2 ® 1 400-500 125-150
I (HT1) (MET1)
ETmiss axis ETmiss axis ETmiss axis 2 500 - 800 150 - 250
(HT2) (MET2)
zL S LoP 3 800-1000 250-350
© (HT3) (MET3)
X
Npjer2 3 © 4 > 1000 > 350
* (HT4) (MET4)
E,Miss axis E,Miss axis E,Miss axis

>3, MET2

Events

HT2 |
HT3 |
HT1
HT2

CMS,L=19.4f0" {s=8TeV

HT3
HT4

—&— Data

CMS-SUSY-12-024
~== Full it

I Top quark & W+jets [ ] QCD

[ ] Z+ets

b-jet

[ ] Diboson & Drell-Yan

>3, MET3 Ny 2 3, MET4

Events

+ 176 total channels, 3D shape analysis in (Hr, MET, Np.jets)

+ 48 essentially signal search regions

N
45

12I I

Events

N\ N\

\
10p

\

\

6 most significant channels

+ 128 essentially control regions to constrain different backgrounds

AT

eeeeeeeeeeeeeeeeeeeeeeeeeeeeee
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Signature: MET + leptons

+ =3 leptons with pt > 10 GeV, P,
A\

X1

+ leading lepton pt > 20 GeV
+ or 2 leptons (2) + 2 jets (W) /3 v .K{;\“ )

+ veto events with b-tags

Search in bins of:

+ leptons combinatoric

+ event missing energy

PR . %

00
eV)

E . on 1 Nt - S
200 400 600 800 1000 1200 14
SUSY particle mass (G

+ effective W mass
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Searches for Elecroweakino Production

CMS-SUSY-13-006

VA -
., CMS Vs=8TeV,L=1951b"
\2 %l ..‘f_fi_ ~0 Mff <75 GeV 75 < Mff < 105 GeV Mff > 105 GeV
X > — > S > [T
>81 '815 -8 6- e
L e mm— RO Qo o o | : Channels:
X1 X O w Te) To RN § 1 e
Pl \ (@) =~ 1 47 10 i ™~ 1 e_e+e
© 2 2 123 NN\ I + F
W -5 S S eeu
A G 15 1 npte
= ' TR
IR 3-leptons with an OSSF pair 50 100 150 20 50 100 150 200 50 100 150 20
g P P T [GeV] T [GeV] ET[GeV] ¢ Data

] SM with H

1 ZZ

1 2y
I Wz

1 @ Non-prompt 7
] Rare SM

Total bkg
N\ .
uncertainty
X%, —>(WE)(ZK):
] - - - (150,100) GeV
- - - (300, 0) GeV
)f)zze (Zv)(Z7):
- - - (600, 300) GeV
Xg=o.5

Events / 50 GeV
Events / 50 GeV
Events / 50 GeV

120 < MT< 160 GeV

e ©

n > =
120 &) N
= b

9 @)

\

150 200
E™® [GeV]

0 20
E™ [GeV] [

High DY

Events / 50 GeV

| ViI

MT <120 GeV
Events / 50 GeV

75 105 M () >
+ 36 3-leptons search regions

50 100 150 200
E™* [GeV]

50 100 150 200
E™* [GeV]

50 100 150 200
E™* [GeV]

+ 5 (2-leptons)&(2-jets) search regions

+ Main background is from SM WZ production
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CMS,L=195f" Vs=8TeV CMS,L=1941fb" {s=8TeV

CMS-SUSY-13-006

Py ‘/2

PP —>99,9— qﬁ%? NLO+NLL exclusion

—Observed=* 1o
=== Expected* 1o

pp— G5, §— b E';zf NLO+NLL exclusion
—Observed+ 1o
-:-Expected+ 16

Liiiyily
—

X1
P, \\
W:I:

CMS  \s=8TeV  L=195fb"

u |~0 —t ! 95% CL bLs NLO Exlclusions !
— PP— U, X, = Observed 212/ ® 3/ 16,
N === Expected 22/ ® 3 R
-7 %? ===’ Expected 212/ ® 3/ -20,, erime ot
=== Observed 3/ only ]
~0 -= 212j onl .
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95% CL upper limit on cross section (pb)
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1 I‘::I I;: | || || S| I 1 I; | - I 1 1 | ||‘ 111 | III- |||E
150 200 250 300 350 400
m..=m_, [GeV]
Lo X

+ Assumes exclusive contribution of given production/decay mode

SUSY DM Searches at CMS: Darklnteractions’ |4

+ artificial model used to quantify consistency between expected and observed signals

+ limits may not be interpreted as an observed physics limits on neutralino WIMP mass
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Flat p MSSM Parameters 19-D Priors

Non-CMS Data Used

priors

i Observable Constraint Likelihood function MCMC /
—3TeV < M;, M; < 3TeV 11;(6) pron-DCS L(DPo-DCS | (9)) post-MCMC
BR(b— sv) (3.55 + 0.23%%t £ 0.24" £ 0.09%°) x 10~* Gaussian MCMC
0<Ms=<3TeV BR(b— sy) | (3.43+0.215%¢ £ 0.24%h 4 0.075) x 10~4 Gaussian reweight
—3TeV < 2 < 3TeV BR(Bs — pp) observed CLs curve from d(1 - CLs)/d(BR(Bs — uu)) MCMC
BR(Bs — pjt) (2.940.7+0.29") x 107 Gaussian reweight
0<my <3TeV R(B, — 1v) 1.63 + 0.54 Gaussian MCMC
R(By, — TV) 1.04 +0.34 Gaussian reweight
_ _ ~ ~2 < t~an '3 ~§ 6~0 L Aa,, (26.1 4 6.3%P £ 4.95M £ 10.05V5Y) x 10-10 Gaussian MCMC
0 < Q12,U12, D12, L1, E12,Q3,U3, D3, L3, E3 < 3TeV my 173.3 £ 0.5 £ 1.3%° GeV Gaussian MCMC
’ ’ ’ my 173.20 £ 0.875tat + 1,358 GeV Gaussian reweight
—7TeV < At, Ab, AT < 7TeV, my(mp) 4197078 GeV Two-sided Gaussian MCMC
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Implication for DM: WIMP Mass
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CMS-SUSY-13-020
CMS Run 1 observations disfavor small
neutralino masses

+ HT+MET: sensitive up to 800 GeV
+ HT+MET+b-jets: sensitive up to 600 GeV
+ EWKIino: sensitive up to 400 GeV
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Implications for DM:R
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pMSSM, CMS preliminary 0.45 pMSSM, CMS preliminary pMSSM, CMS preliminary
p™"PCS(6) prior from non-DCS data p"°"PCS(6) prior from non-DCS data 0.5~ p"°"PCS(6) prior from non-DCS data
05— p(61Z°M5>-1.64) combined, 7 TeV 04— = p(612°"°>-1.64) combined, 7 TeV — p(61Z°"°>-1.64) combined, 7 TeV
—— p(01Z2°""°>-1.64) combined, 8 TeV —— p(61Z2°">-1.64) combined, 8 TeV —— p(61Z2°"°>-1.64) combined, 8 TeV
— p(B1Z*™°>-1.64) combined, 7 and 8 TeV S 035 = p(61Z°™°>-1.64) combined, 7 and 8 TeV S 04— — p(6IZ®°>1.64) combined, 7 and 8 TeV
0.4 ---p=05 =—p=1.0 = u=1.5 = --p=05  =—p=1.0 u=1.5 = --u=05  =—p=1.0 - u=1.5
> = . L Pl . Lo
iz g 09 g
© > S 03
T 0.3+ = 0.251 =
2 | 1. 2 2
= (0] (0]
a S 02 °
o] = =
o 0.2 = = 0.2
o s 0.15— o
O O
....... o o
0.1— 0.1
Jd° M 0.05/—
IIIIIIIIIIIIIIIIIIIIIIIIII | - " " [l Il L L L L L L L L " il - L L L L L L L L L Il
0 | | | | | | 0 0l
-4 -3 -2 -1 0 1 2 3 4 12 -10 -8 -6 -4 -2 -14 -12 -10 -8 -6 -4
lo Q. h2 | SD, ~0 I | Sl, ~0 |
9,5(E2M) og, (o™"(pX,)) llog, (Pb)] og, (€57 (pX,) llog, (pb)]

+ PLANK Qh2 window is right at the dip
+ CMS data slightly prefer lower densities

+ lower px% cross sections are marginally favored
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Conclusions

+ CMS has a comprehensive program for SUSY searches

+ particularly motivated by DM observations
+ No clear SUSY signatures are found in LHC Run 1

+ Bayesian approach is applied to see effects on DM
parameters

+ CMS SUSY analyses are marginally sensitive to relict
density and DM detection cross sections

+ CMS Run 1 data disfavor neutralino WIMP masses below
800 GeV
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CMS SUSY Physics Results

Summary of CMS SUSY Results* in SMS framework SUSY 2013
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g-g production, g—tt ')Z?
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Stop Production Results

t-t production
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CMS \s =8 TeV L=19.5fb"
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How do we evaluate background from Z(vv)+6 jets?

if the best NLO estimation goes up to 4 jets on the parton level

CMS Simulation, Vs = 8 TeV
Ny 2 2, H_ > 350 GeV
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+ Z and photon have coupling and mass, but are similar for associated
QCD production

+ production cross section ratio R(Z+jets/y+jets) is known within 20%

+ use photon+jets events and rescale by cross section, efficiencies etc to
evaluate Z+jets backgrounds
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